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The common name for a multi¬ 
ple band receiver is an all wave 
receiver. However, this is a mis¬ 
nomer because the receiver has not 
been built which covers all of the 
frequency bands now in use. In 
general, it may be said that a re¬ 
reiver having more than three 
tuning bands will fit the broad 
meaning of the term all ivave re¬ 
ceiver, More technically, such re¬ 
ceivers are known as multiple hand 
receivers. 

The need for such a receiver 
grew out of the desire of many peo¬ 
ple to have one receiver which 
would receive signals in the broad¬ 
cast, police and the so-called short 
wave bands. It has not been so 
long ago since separate receivers 
were used for all of these functions. 
Since only the tuning section of 
such receivers was different, the 
logical development was one re¬ 
ceiver to cover all frequency bands 
over which signals were to be re¬ 
ceived. Thus, there have been sold 
many thousands of receivers with 
many variations in their circuits 
to accomplish this requirement. 
Such receivers are exactly like 
those you have already studied in 
your SAR lessons. The only dif¬ 
ference is that capacity and in¬ 
ductance values must be smaller 
to permit tuning to the higher fre¬ 
quencies and some method must be 
provided to permit switching from 
one tuning band to another. This 
has introduced many more com¬ 


plex design problems, many of 
which have not yet been overcome. 
Basically, however, the multiple 
band receiver uses the same basic 
superheterodyne circuit as used in 
the single band broadcast receiver. 

The rapid and complete develop¬ 
ment of the broadcast band range 
of frequencies from 540 to 1600 
KC has been largely due to the fact 
that the technical problems in¬ 
volved were less complex than in 
any other part of the.entire fre¬ 
quency spectrum. One of the first 
characteristics discovered about 
the transmission of these frequen¬ 
cies was the relative power re¬ 
quired to transmit a given signal a 
given distance. Consider, as an ex¬ 
ample, a signal to be transmitted 
10 miles with a field strength of 
1000 microvolts at the receiver. 
Curve A in Fig. 1 shows roughly 
the relative power required to be 
transmitted for these conditions. 
The actual power is not important, 
but the comparison of the power at 
one frequency to that of another is 
important. Note that even within 
the broadcast band less power is 
required for high frequency trans¬ 
mission than for low frequencies. 

Early investigations by Hertz 
and others were carried out using 
very short waves, around 2 to 3 
meters. At this point you might 
want to know that there is a defin¬ 
ite relation between wavelength in 
meters and frequency in kilocycles. 
These are related to the velocity or 




rate at which radio waves travel. 
The meter is a European measure¬ 
ment and thus wavelength in me¬ 
ters is often referred to in radio 
literature instead of frequency in 
cycles. By measurement and cal¬ 
culation, the velocity of radio 
waves has been found to be ap¬ 
proximately 299,820,000 meters 
per second. Unless extreme accur¬ 
acy is required, the value 300,000,- 
000 meters per second is most 
often used. The formula showing 
the relation between velocity, 
wavelength and frequency is in the 
same form as the familiar ohm's 
law. It is stated as follows: 


Velocity = Wavelength X Frequency 
Velocity 
Frequenc; 
Velocity 


Wavelength^ 

Frequency 


Frequency- Wavelength 
To obtain an answer in kilocy- 
300,000 


cles, F= 


Thus a 


Wavelength 
wavelength of 3 meters is equal to 

300,000 inn AAA 1-1 1 

--— =100,000 kilocycles or 


100 megacycles. To change kilo¬ 
cycles to megacycles multiply by 


.001. Likewise, a frequency of 
150,000 kilocycles is equal to 

ica’aaa or 2 meters. If the fre- 
150,UUU 

quency was given as 150 megacy¬ 
cles, its value in meters would 
300 


equal 


150 


or 2 meters as before. 


To return to the early investiga¬ 
tions of Hertz and others, these 
were almost completely forgotten 
for a number of years as the prob¬ 
lems required to use wavelengths 
of 2 or 3 meters have only recently 
been overcome. Naturally, the 
frequencies most easily used were 
developed first and most rapidly. 
If it were not for the fact that 
these desirable channels gradually 
were filled, forcing expansion on 
both sides of the frequency spec¬ 
trum, they probably never would 
have been developed as they are 
today. 

A chart is shown in Fig. 2 show¬ 
ing how completely a portion of 
the radio frequency spectrum is be¬ 
ing used at present. Its range ex¬ 
tends from 10 KC to 1000 megacy¬ 
cles (MC). In the range of fre¬ 
quencies above 40 megacycles most 
of the frequency modulation and 
television signals are transmitted. 
These may go on up to 500 mega¬ 
cycles or more. As research and 
techniques improve, practical 
transmission of radio signals will 
extend much beyond 1000 mega¬ 
cycles. 

Between 300 KC (3 MC) and 
30,000 KC (30 MC) there is a 
large expanse of the radio fre- 
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quency spectrum which is very 
useful and is largely filled up with 
transmission of some twenty dif¬ 
ferent kinds of service. You should 
keep in mind, however, that fre¬ 
quency assignments are subject to 
change and the figures given in 
this lesson can only be relative. On 
some frequencies in the 3 to 30 
megacycle band, two or three sta¬ 
tions may be assigned which share 
the time of day between them¬ 
selves. There are, of course, gaps 
in this frequency area which are 
assigned and which are not being 
fully used, but they are reserved 
by international agreement to be 
distributed to the various nations 
according to demand. 

These frequencies, 3 MC to 30 
MC must be controlled by interna¬ 
tional agreement because inter¬ 
ference and station heterodynes at 
the frequencies becomes a world¬ 
wide problem. A signal in Sydney, 
Australia, may interfere with one 
in Warsaw, Poland, or in London, 
while being received in Chicago, 
or Denver, if they are near the 
same frequency. While there 
seems to be an adequate area in 
this large freqency spectrum, it 
must be divided for the various 
countries of the world. This makes 
the assignment for one nation 
small. 

To better understand frequency 
assignments, a study of Fig. 2 will 
be helpful. The first section at the 
left, marked A, is only useful for 
high powered commercial services. 
Up to 105 KC is reserved for gov¬ 
ernment and point-to-point com¬ 
mercial stations, for press, weath¬ 
er information and the transaction 
of government business. From 105 
KC on up to 500 KC is considera¬ 


bly more valuable because less 
power is required and thus much 
greater efficiency is obtained. This 
section of the spectrum is used for 
Coastal Telegraph, Ship Telegraph, 
Aviation, Glovernment and point- 
to-point services. It must be recog¬ 
nized that ship communication is 
world wide in scope, the allocation 
frequencies being divided for the 
various nations. Various parts of 
this section of the frequency spec¬ 
trum from 100 KC to 530 KC is 
used in many well separated coun¬ 
tries for regular entertainment 
broadcasting. 

Commercial wave bands are not 
alloted by definite operating fre¬ 
quencies for each station but rath¬ 
er by the allotment of a certain 
band, such as 5640 to 5695 KC, for 
example. Any station assigned to 
this allotment is privileged to op¬ 
erate on any frequency between 
and including those two mention¬ 
ed. Thus, you may hear an air¬ 
port station or plane transmitting 
on 5672 KC at one time and the 
same station on 5641 KC at an¬ 
other time. They must shift fre¬ 
quency in many cases to avoid sta¬ 
tion interference or to avoid weath¬ 
er or location hindrances. No 
commercial or other type station 
is permitted to remain on 500 KC 
as this is the international SOS 
distress frequency. For the Great 
Lakes region it is 410 KC. Emer¬ 
gency transmitters are fixed tuned 
to 500 or 410 KC, but they are only 
operated in case of distress or ex¬ 
treme emergency. Other commun¬ 
ication transmitters may be ad¬ 
justed to 410 and 500 KC for dis¬ 
tress purposes. 

Next, in Fig. 2, is section B, 
which is the U.S. and Canadian 
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broadcast band. Mexico has a few 
frequencies in this band and so has 
Cuba. Otherwise, there are no sta¬ 
tions in this band for any other 
service on the North American 
Continent. Certain parts of this 
band are used by other countries 
remote from North America, but 
interference is practically impos¬ 
sible. 

Section C of Fig. 2 in the radio 
spectrum from 1.5 to 3 megacycles 
is given to a great number of serv¬ 
ices in various classifications as 
follows: State and Municipal po¬ 
lice, Broadcast experimental. Mar¬ 
ine, Fire, Geophysical, Aviation, 
Amateur, Broadcast pickup. Ship 
harbor. Government, Coastal har¬ 
bor, Aviation and emergency. This 
band is often called the Police Band 
because the most consistent recep¬ 
tion in this part of the spectrum is 
from police transmission. 

In section D of Fig. 2, extend¬ 
ing approximately from 3 to 32 
megacycles, interspersed with all 
those mentioned for band C, plus 
additional services such as Press, 
Agricultural, Relay broadcast, 
Coastal and Ship telegraph, there 
is world wide short wave broad¬ 
casting. This section, as you will 
note, is quite large. If it were di¬ 
vided into 10 KC channels, as is 
done for the broadcast band, there 
would be 2900 channels. Com¬ 
pared to only 106 channels in the 
broadcast band, this seems to be 
adequate space for world wide 
transmission. Stations are not 
separated precisely in this band as 
they are in the broadcast band. 
There are a great number of var¬ 
ious types of waves transmitted, 
and each has its special problems. 
Unmodulated telegraph transmit¬ 


ter carriers may be placed much 
closer together in frequency than 
voice modulated carriers. This is 
true also of tone modulated carriers 
and of other continuous wave 
transmission. Such carreirs are 
spaced in some cases down to as 
low as 2, 4 and 6 KC apart, or they 
may be tuned anywhere within a 
certain zone of frequencies like am¬ 
ateur transmissions. 

These services, except world 
wide short wave broadcasting, con¬ 
tinue into section E of Fig. 2 up 
to about 40 megacycles. From this 
point on to about 500 megacycles, 
where trans-oceanic communication 
becomes impossible, there is a use¬ 
ful space reserved, in part, for 
short distance frequency modula¬ 
tion transmission, for television 
service and experimental trans¬ 
mission. Experimental work in 
this band, of course, is largely with 
television and frequency modula¬ 
tion. There is one wide band above 
F in Fig. 2 lettered G. Generally 
speaking, these higher frequency 
bands are experimental. In days 
gone by, it was the practice to re¬ 
fer to all frequencies above the 
broadcast band (above 1600 KC) 
as the high frequencies. As re¬ 
search went on, however, new 
terms came into use with experi¬ 
mental endeavors reaching up to 
30,000 megacycles. So today the 
terms high frequency (hf), very 
high frequency (vhf) and ultra 
high frequencies (uhf) are rather 
loose terms to designate a broad 
band of frequencies which are not 
clearly defined. From 3 to 30 meg¬ 
acycles usually includes the high 
frequency band, from 30 to 300 
megacycles the very high frequency 
band, from 300 to 3000 megacycles 



the ultra-high frequency band and 
from 3000 to 30,000 megacycles is 
often called the superhigh fre¬ 
quency (shf) band. 

The entire useful frequency 
spectrum from its lower frequen¬ 
cy limit to what may be its upper 
frequency limit has been outlined 
in brief. This lesson will cover 
particularly bands C and D where 
a great portion of radio interest 
has centered in the last few years. 
Receiver design has made history 
in these bands since 1930 as the ma¬ 
jority of present day receivers 
have one or more bands in this 
part of the frequency spectrum in 
addition to the broadcast band. 
Since the most desirable long dis¬ 
tance transmission-reception part 
of the short wave bands are in sec¬ 
tions C and D of Fig. 2, the design 
of receiving systems for the recep¬ 
tion of these frequencies will be 
considered in this lesson. 

CIRCUIT CONSIDERATIONS 

In your previous studies you 
have learned that the frequency of 
a tuned circuit may be increased 
almost indefinitely by decreasing 
its inductance, its capacity or by 
decreasing the value of both. How¬ 
ever, a number of other factors, 
such as the "‘Q’’ of a circuit, its 
losses, etc., are of utmost import¬ 
ance in high frequency reception. 

The history of development of 
multiband tuning systems or all 
wave receivers is full of trial and 
error experiments and has led to 
practically a uniform design prac¬ 
tice for present day circuits. 

Attempts have been made to 
vary the inductance by means of a 
variometer which is simply a 
continuous inductance wound on 


two concentric spheres or cylin¬ 
ders, one rotating within the other 
so that the inductance may be var¬ 
ied with coupling. High frequency 
resistance losses prevented this 
method from being very successful. 
The RF tuning inductances have 
also been varied by means of taps 
affixed to coils so that only a sec¬ 
tion of the coil could be used, but 
the tapped section of the coil would 
exhibit a greater loss than the en¬ 
tire coil when thus connected. A 
sliding contact on the windings of 
a single layer coil met with the 
same and even greater drawbacks 
and was discarded. The final and 
best solution found to date is to 
use a separate coil for each fre¬ 
quency band but with the same 
tuning condenser regardless of the 
number of coils. 

It was recognized very early that 
the reduction of the capacity of a 
tuned circuit below a certain point 
was not possible because of the 
mechanical arrangement of the 
parts and the distributed capacity 
of the coil. Thus, if the tuning 
condenser is completely removed 
from its tuned circuit, the fre¬ 
quency of the coil alone would 
hardly increase to more than 50% 
of the tuning condenser value at 
minimum capacity. The coil alone 
with its distributed capacity will, 
of course, form a resonant circuit 
at a certain frequency. 

These findings led to the separ¬ 
ate coil system, which is used in 
various forms for nearly all pres¬ 
ent day all wave receivers. The 
relation of the primary to the sec¬ 
ondary is very vital in connection 
with adapting RF transformers or 
coils to tubes and circuit arrange¬ 
ments. Thus, when any tuned sec- 



ondary is changed, it must have 
its own primary designed to be 
used with it for a particular pur¬ 
pose. Because of this an all wave 
switching arrangement usually in¬ 
cludes provisions for the primary 
as well as for the secondary of the 
coils for each band. 

It is both difficult and mislead¬ 
ing to attempt a great deal of gen¬ 
eral statements concerning dual 
band and multiband receivers 
Manufacturers have been more in¬ 
dividual here than in any other de¬ 
sign feature in all of radio. The 
facts of the following survey must, 
therefore, not be taken as literally 
true because there are broad ex¬ 
ceptions to any statement which 
can be made at this time. 

Of the receivers designed for two 
band operation, there are those 
covering a band below the broad¬ 
cast frequencies, and broadcast 
frequencies principally for export, 
those having the broadcast fre¬ 
quencies and the next adjacent 
bands often called the police band, 
and those having the broadcast 
band and one high frequency band 
between 5.5 and 19 megacycles. 
For example, typical cases are: 

Long Broadcast Police Short 
Wave KC KC MC Wave MC 

1. 530-1600 

2. 140-410 540-1740 

3. 540-1500 1.5-4 

4. 550-1720 5.5-16 

Other receivers may have as many 
as five bands as follows: 

540-1530 KC; 1.495-4.2 MC; 3.95- 
11.5 MC; 8-21.75 MC; 20-42 MC; 
or 150-410 KC; 530-1800 KC; 1.8- 
6.4 MC; 6.4-23 MC; 23-60 MC. 

A receiver may have from one to 
five bands and these five may be di¬ 
vided in any way that the manu¬ 
facturer sees fit to divide them. 


There is no standard practice even 
with regard to the broadcast band, 
as there are continuous radio serv¬ 
ices adjacent to both sides of the 
broadcast band. Thus, broadcast 
dials will be marked variously as 
for example: 

535-1730 KC 550-1750 KC 

540-1720 KC 525-1700 KC 

540-1600 KC 525-1695 KC 

540-1500 KC 530-1800 KC 

550-1740 KC 540-1860 KC 

There are a few general things 

which can be said about the divi¬ 
sions of the other bands. Since the 
same tuning condenser is used to 
tune all other bands, the maximum 
to minimum capacity ratio of the 
tuning gang condenser will re¬ 
main constant. This makes the 
frequency ratio of the tuned cir¬ 
cuit about 3. For some receivers 
the frequency ratio may go up to 
about 3.3 or to 3.5—it not being 
practical to get a much higher ra¬ 
tio than this for one band. Up to 
about 20 MC the same ratio will 
hold true because the reduced coil 
capacity and circuit capacity will 
ordinarily tend to compensate for 
the use of a separate trimmer con¬ 
denser on each short wave tuning 
coil for individual adjustment. 
Above 20 MC, the frequency bands 
are likely to have maximum to 
minimum frequency ratios of 
around 2 for reasons which will be 
brought out later. For example, 
in the bands for the previously 
mentioned all wave receiver, the 
following ratios are obtained: 
410/150=2.73 long-wave band 
1800/530 = 3.39 broadcast band 
6.4/1.8 =3.55 1st short wave band 
23/6.4 =3.59 2nd short wave band 
60/23 =2.6 3rd short wave band 
Thie shows exceptional coverage 
due to all frequency ratios being 
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high. In this way the ratios are 
always limited at the long waves 
and at the very short waves. With 
the exception of the long wave 
band and the broadcast band, 
usually the various bands are made 
to meet exactly or they overlap a 
few kilocycles for each band to in¬ 
sure complete coverage of the en¬ 
tire frequency spectrum from the 
lowest to the highest in the tuning 
range. 

MULTIBAND SWITCHING 
SYSTEMS 

The success of the modern all 
wave receiver of today is based on 
ingenious designs of all wave or 
multiple deck switches. Before 
complicated all wave circuits can 
be traced successfully, you must 
have a good understanding of the 
mechanics of all switches. An all 
wave receiver incorporating sev¬ 
eral frequency bands must, for 
simplicity of design and operation, 
employ a switching system that in¬ 
cludes several moving contacts as 
well as several non-moving con¬ 
tacts. 

Figure 3 shows one deck of a 


very popular type of multiband 
switch. In this type of switch the 
form holding the contacts is made 
from an impregnated sheet of can¬ 
vas (very strong with a high insul¬ 
ating factor). Other switches use 
other forms of insulation. What¬ 
ever the type of insulation it must 
have good mechanical strength 
and have low high frequency 
losses (leakage). Referring to 
Fig. 3 again, in the insulation are 
mounted eleven non-moving termi¬ 
nals. A twelfth terminal is used 
but the -switch arm connected to it 
is movable. The center of the 
switch consists of a round movable 
piece of insulating material (R) 
through which extends a metal 
shaft. This shaft also extends 
through the cabinet of the receiver 
and a control knob is attached to 
the end of it. Thus the switch 
may be turned to any one of its 
eleven positions from the front of 
the receiver. 

While the moving element R of 
Fig. 3 is an insulating material, it 
has a metal arm attached to it. 
Therefore, when R is turned, this 
metal arm,, in turn, makes contact 
to each of the fixed terminals, one 
at a time. 

The metal arm affixed to R rests 
at all times on a metal ring mount¬ 
ed beneath it (metal ring not 
shown in Fig. 3). This metal ring, 
in turn, is a part of terminal No. 
12 of Fig. 3. Thus, no matter 
what position R is turned to one 
of the nov^movable terminals of 
the switch will at all times be con¬ 
nected to terminal No. 12 by means 
of the metal arm affixed to R. This 
type of switch is called the non¬ 
shorting type—meaning a type of 
switch in which the moveable arm 
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cannot touch two or more of the 
fixed terminals at a time. 

Figure 4 shows a side view and 
more of the mechanical details of 
one type of multiband switch. Such 
details are only important from 
the viewpoint of being able to trace 
the circuits through the switches. 

In Fig. 5 the same type of switch 
is shown as in Fig. 3 with one ex¬ 
ception. In this case, there are 
two moving arms instead of one. 
These are marked common and 
might well connect to a control 
grid and tuning condenser of a 
RF stage. Then there are five 
other non-moving terminals to 
which each of the moving arms can 
connect. To these fixed terminal^ 
could be connected various values 
of coils and condensers for the 
different frequency bands to be 
covered—one moving arm and five 
fixed terminals for an RF tube and 
a similar arrangement for an os¬ 
cillator tube—thus five frequency 
bands could be covered. That is 
the way multiband switches work. 
Many radio men often refer to the 
circuits connected to the fixed ter¬ 
minals as ctoannels. This is shown 
alongside the wires which connect 
to the fixed terminals of Fig. 5. 

So far only single deck switches 
have been considered. Such a 
switch would not do in the average 
all wave receiver because a single 
deck switch having as many as 


eleven or twelve terminals is often 
required for switching the antenna 
coils alone. Generally, a separate 
deck is required for each grid and 
plate circuit in the RF tuning sys¬ 
tem. 

To overcome this requirement 
for more than one deck, design en¬ 
gineers mounted several of them 
together. Typical examples of 
multiple deck switches are shown 
in Figs. 6, 7 and 8. These multi¬ 
ple deck switches are exactly like 
the single deck switch described 
for Fig. 3. The only difference is 
that they are held together with 
mounting studs (but each deck in¬ 
sulated from the other) and the 
center metal shaft is longer. This 
permits one motion to operate all 
decks. As many as ten or more 
decks are often operated in this 
way. 

In a diagram showing a com¬ 
plete all wave tuning system the 
entire arrangement may look com¬ 
plicated. However, when broken 
down or separated each circuit is 
easy to trace. A certain amount 
of patience and time is required 
for this, but it is the only way to 
completely understand such com¬ 
plex circuits. 
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CIRCUIT ANALYSIS 

The circuit of the RF tuning 
system of a simple, inexpensive, 
TRF, dual-wave receiver is shown 
in Fig, 9. The tuned grid coils of 
both the RF and detector stages 
are tapped so that the lower sec¬ 
tion of each secondary coil (L3 
and L6) may be shorted out of the 
circuit. A smaller amount of in¬ 
ductance L2 and L5 will then tune 
to a higher frequency with the 
same tuning condensers. The po¬ 
sition of these taps on the coils de¬ 
termines the frequency bands to 
be covered. Actually coils L2 and 
L3 may be separated so that when 
L3 is shorted out, its windings will 
not be magnetically coupled to L2 
and will not produce high frequen¬ 
cy losses in this way. The same is, 
of course, true of L5 and L6. Bet¬ 
ter results would be obtained by 
using separate antenna and plate 
coils, but this would hardly be 
justified in an inexpensive receiv¬ 
er of this kind. In some cases a 
single tapped coil is used for L2-L3 
and L5-L6. The two switches are 
ganged together—that is, one knob 

A 



operates them both simultaneously 
although they have no common 
electrical connections except to 
ground. 

The superheterodyne circuit has 
almost universally replaced the 
TRF receiver, although the latter 
is quite practical for short wave 
reception. Successful fixed fre¬ 
quency short wave receivers have 
been laboratory built for frequen¬ 
cies up to 300 MC of the TRF va¬ 
riety, but with low gain per stage. 
Gang tuning of TRF receivers at 
these frequencies is not practical. 

The simplest possible dual-wave 
switching for a small superhetero¬ 
dyne is shown in Fig. 10. A sec¬ 
tion of the RF coil is switched out 
of the circuit by means of a double 
pole, single throw switch allowing 
the RF tuner to tune to a higher 
frequency. No change is made in 
any other circuit. In this case, the 
second harmonic of the oscillator 
stage beats with the received sig¬ 
nal producing the correct IF. This, 
of course, is very crude. It cannot 
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prevent station interference to any separate coils are used throughout 
great extent and cannot be aligned for each band. The switch termin- 
perfectly. Again such an arrange- als are lettered A and B—A for 
ment is only desired for a small, one band and B for the other band. 
inexpensive receiver. Note this switch has four sections 

A simple type of circuit for bet- indicating it is of the four deck 
ter operation is shown in Fig. 11. type—the dotted lines show the 
The coil tap system is used here, moving arms of the switch assem- 
also, but the oscillator coil is tap- bly and the two main tuning con- 
ped as well as the RF coil. The densers. 

fundamental oscillator frequency Deck 1 of the gang switch 
is used all of the time and tuning changes from one antenna coil to 
alignment is facilitated by this another, deck 2 of the switch 
method of design. In addition to changes from one grid coil to an- 
this, any short wave band may be other, deck 3 changes the oscillator 
chosen as the oscillator and RF cir- grid tuned coils and deck 4 changes 
cuits may be tapped at other points the oscillator plate coils. Note in 
as desired. Fig. 12 that the stators of the two 

The operation of these switches main tuning condensers (Cl and 
is obvious—they are simply single C2) are connected to the switch 
pole, single throw switches and are arms, 2 and 3, and are thus used in 
operated by one knob. While the tuning each set of coils. The two 
designs thus far mentioned are oscillator plate coils are, of course, 
suitable for two band operation, untuned. The effect of one coil 
they would not work very well for upon another when coupled makes 
more than two bands. A much bet- it advantageous to use separate 
ter two band arrangement is coils as shown here to preserve the 
shown in Fig. 12. In this design, highest possible circuit efficiency 
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as well as the best tuning align¬ 
ment. 

The actual coil construction is of 
some importance and interest. For 
some time coils for the broadcast 
band have been wound on % inch 
and % inch forms and, of course, 
have had 90 to 110 turns of wire 
on their secondaries (tuned sec¬ 
tion) of No. 26, 28 or 30 wire. 
This made them sufficiently short 
in length for good efficiency and 
permitted the use of a convenient 
and economical metal shield 
around them. These are, of course, 
only average figures as there are 
both smaller and larger coils in 
use. 

Now consider the inductance 
situation for these frequency 
bands. You know that the lowest 
frequency of each band will make 
use of substantially the same total 
circuit capacity and that one band 
will start slightly below where the 



next lowest one stopped. The fre¬ 
quency as the result of the induct¬ 
ance value for one band and that 
for the next band will be at a ratio 
of 1 to 3 average and the induct¬ 
ance ratios, therefore, the square 
of them or 1 to 9. Now, if the gen¬ 
eral shape of a coil or the size of 
wire, insulation, etc. are not 
changed, the number of turns 
squared would be proportional to 
the inductance; hence, if a coil had 
90 turns of wire for the broadcast 
band 540-1600 KC, it should have 
90/ 3 or 30 turns for the next band, 
1600-4500 KC, etc. This is not 
true, however, as it has been found 
most effective to use a coil of 
smaller diameter for short wave 
bands ranging from ^ inch down 
to 54 inch in some cases. 

The complicated factors of dis¬ 
tributed capacity, switching leads, 
shielding, etc. make the determina¬ 
tion of coil values of this type a 






laboratory job. Once the correct 
inductance values are found ex¬ 
perimentally, they can, of course, 
be duplicated for other receivers. 
Each different model receiver has 
its individually engineered coil and 
switching system ,and it may take 
from a few days to a few weeks to 
work out all the details for a pro¬ 
duction line receiver. 

Referring again to Fig. 12, note 
that when section 2 of the switch 
is turned to band A, condenser C3 
is in shunt with the condenser Cl. 
Condenser C3 is, therefore, a very 
small trimmer condenser for align¬ 
ing the RF circuit to the signal for 
any position of Cl. Likewise, for 
this band (A) condenser C6 (con¬ 
nected to section 3 of the switch) 
is the oscillator high frequency 
trimmer and C8 is the oscillator 
low frequency padder. When the 
switch is turned to band B there 
is an equivalent set of condensers 
— C4 the RF trimmer, C5 the 
oscillator high frequency trim¬ 
mer and C7 the oscillator low fre¬ 
quency padder. This last condens¬ 
er (C7) has a fixed shunt con¬ 
denser (C9) which makes up the 
major portion of the padder capa¬ 
city, C7 being only the variable 
portion of it. In this way the 


tuning adjustments of the entire 
circuit for one band will not af¬ 
fect those of another. All bands 
may thus be independently aligned 
or adjusted. 

The same IF is used for each 
band, and hence from the first de¬ 
tector on to the speaker and power 
supply an all wave receiver may 
be identical with any single band 
receiver. An all wave receiver 
differs from a single band receiver 
only with respect to the RF and 
oscillator circuits. Coils for the 
individual bands are separately 
shielded or placed at right angles 
to one another or are adequately 
separated to prevent undesired 
coupling between them. The leads 
from the switch to the coils are as 
short as possible and the adjust¬ 
able condensers are either enclosed 
in their respective coil shields or 
are mounted adjacent to them on 
small isolantite or fabric squares. 
In every other respect the circuit 
is conventional in circuit design 
and operation. 

In some cases the addition of an¬ 
other band of frequencies to a re¬ 
ceiver is done in a simplified man¬ 
ner as in Fig. 13 by eliminating 
the first stage or RF amplifier and 
bringing the signal directly into 
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the grid of the first detector. A 
great deal of switching is avoided 
in this manner. For example, with 
the three decks of the switch 
shown in the B positions of Fig. 
13, the signal enters the lower end 
of the coil L5, directly from the 
antenna coupling condenser (Cl) 
and joins a ground connection at 
the tap through the switch termi¬ 
nal (B) between L4 and L5. The 
signal also goes through LI, is in¬ 
duced into L2, but is not very 
strong in L3 because L4 with its 
tuning condenser is not tuned to 
the same frequency to which L2 
is tuned. The preamplifier or RF 
circuit is, in this case, useless for 
the short wave signals. The os¬ 
cillator is made to perform at the 
proper high frequency by switch¬ 
ing the A section of L7 out of the 
tuned circuit and using only sec¬ 
tion L6. 

A larger all wave or multiband 
receiver is simply an extension of 
the essential ideas brought out for 
Fig. 12. In this way, three, four 
and five band receivers may be 
successfully designed. The switch¬ 
ing systems may be somewhat sim¬ 
plified electrically through the ap¬ 
plication of certain short cuts. 
These short cuts include the use of 
one coil where possible for two ad¬ 
jacent bands or by using two coils 
in series (where possible) if the 
operating efficiency is not impair¬ 
ed thus avoiding an extra coil. 

Such circuits, however, are, as 
a rule, .very confusing to anyone 
analyzing the circuit. Most of this 
confusion is due to the lack of 
standardization in drawings of 
sivitching systems. 

VARIATIONS IN SWITCHES 

Before taking up the study of 


practical circuits as used by the 
various radio manufacturers you 
should understand that not all 
switch systems are alike even 
though they may appear similar to 
one another in a schematic dia¬ 
gram. Manufacturers are contin¬ 
ually varying switch applications 
and the way they show them in 
diagrams. Thus, it is up to every 
radio man to develop his own tech¬ 
nique in learning to read and fol¬ 
low all wave switching systems. 
One thing that should always be 
remembered about these switches 
is that when a movable arm or ter¬ 
minal is visualized as moving, all 
other corresponding arms on the 
other switch decks also move. This 
means that you cannot consider 
the action of one deck alone in a 
multiple deck switch, but you must 
consider what occurs at the other 
decks as well. With respect to a 
single deck some diagrams show 
the moveable element of the switch 
as being very wide—it extending 
over and shorting across several 
other fixed or non-movble termi- 
nls of the same deck. This wide 
movable part of the switch is call¬ 
ed a shorting shoe. The reason for 
it will be brought out later on 
where it will be shown that it is 
very desirable to short circuit 
parts not in actual use. This pre¬ 
vents inter-coupling between coils 
and thus one not in use cannot ab¬ 
sorb energy from another which is 
in use. 

This type of switch is also made 
in the shorting and non-shorting 
types as previously mentioned. The 
shorting type is used most often 
to prevent loud noises from the 
speaker as the band switch is 
turned from one band to another. 
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In this type of switch the moving 
arm touches the next adjacent 
terminal before opening the cir¬ 
cuit of the preceding terminal. In 
this way loud switch noises are 
avoided. 

ACTUAL RECEIVER CIRCUITS 

In Fig. 14 is shown the switch¬ 
ing system of the Atwater Kent 
model 810 all wave receiver. It 
uses a four band RF and oscillator 
tuning system with a seven deck 
switch. The circuit is designed to 
tune from 540 to 18,000 KC. The 
switch decks are marked A 
through G, and each switch termi¬ 
nal is lettered and numbered for 
reference. The movable part of 


the switch consists of the semi¬ 
circular segment with an arm ex¬ 
tending. At deck A, for example, 
the switch arm extends to the 
right. The left member connected 
to the antenna post remains sta¬ 
tionary. It is a sliding contact to 
the semi-circular part and is al¬ 
ways electrically connected to the 
switch arm in any of its positions. 
Although the antenna at terminal 
A is shown connected to A4, it may 
also be connected to A3, A2 or Al. 
The other switch decks B, D and 
F are identical to A, but decks C, 
E and G are slightly different. 

The switch arm for the C section 
is always in contact with the ex¬ 
tended terminal Cl. It does not 
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touch the other extended terminal 
at C. When the switch arm is 
turned to C4, the circular part of 
the switch joins Cl and C, thus 
connecting the two variable con¬ 
densers immediately below in par¬ 
allel. This connection also holds 
for the C3 and C2 positions of the 
switch. Switch decks E and G are 
just like C for all of them control 
the tuning condensers. 

Now consider the action of the 
entire switch (all decks) for the 
positions of the switch arms shown 
in Fig. 14. The antenna circuit is 
from A to A4 to terminal 11 on 
the third coil. It then continues 
through this coil to 12, to B4, to B 
and to ground. This third coil 
(11-12) is magnetically coupled to 
all of those in the RF transformer 
compartment T2 shown in dotted 
lines. All coils in this section ex¬ 
cept (9-10) may be traced to free 
ends and hence are not used. Ter¬ 
minal 9 is connected to the metal 
chassis and to an intermediary 
shield between the two lower coils 
to prevent capacity coupling. Ter¬ 
minal 10 is connected to trimmer 
A3 and switch terminal C5. The 
connection continues through the 
switch to Cl to the main RF tuning 
condenser and to the control grid 
of the first RF 6K7 tube. This 
much of the circuit is simply a 
conventional RF input circuit. 

The plate of the 6K7 tube 
through switch D and D4 connects 
to coil 24-23 and terminal 23 is 
connected to the common high volt¬ 
age plate supply. Since all other 
coil contacts are open, both in 
transformers T3 and T4, plate 
current must flow through coil 
24-23. Coil 22-23 is obviously an¬ 
other primary and coil 25-26 is 


open at one end. This leaves coil 
26-27 as the secondary used for the 
band under consideration. All the 
coils in T4 are magnetically cou¬ 
pled. 

Coil 26-27 of section T4 is 
grounded at terminal 26 and to its 
terminal 27 is connected the 
trimmer A7. Entering the switch 
at E5, the connection may be trac¬ 
ed to El, the second tuning con¬ 
denser of the gang and to the sig¬ 
nal control grid of the 6A8 first 
detector oscillator. The plate of 
this tube goes to the first IF pri¬ 
mary. 

For the band under considera¬ 
tion, the oscillator coil is '37-38 
tracing from the oscillator plate 
OP through deck F to F4 and coil 
terminal 38. Coil 41-43 is the os¬ 
cillator grid tuning coil having a 
fixed padding condenser C9 and a 
trimmer A14. As in the other 
shielded compartments, all com¬ 
ponents within T6 are magnetical¬ 
ly coupled. The foregoing has de¬ 
scribed the action of the switch for 
the highest band of frequencies 
which the receiver can receive. By 
turning the seven deck switch to 
the next lowest band, the following 
connections are made: 


Switch 

Terminal 

Coil 

A 

A3 

4-5 

B 

B3 

4-5 

C 

Cl, C4 

2-a 

D 

D3 

16-17 

E 

El, E4 

20-21 

F 

F3 

29-30 

G 

Gl, G4 

33-35 

In the 

same manner 

you can 


trace the connections for the other 
bands by following the switch 
action. Note that deck B termin¬ 
als 1 and 2 are simply grounded 
and not used. The other connection 


to B of deck B permits the use of a 
doublet antenna if desired for the 
high frequencies. 

The circuit of another four band 
receiver (Philco 37-660) is shown 
in Fig. 15. Band 1 tunes from 532 
to 1720 KC, band 2 2.3 to 7.4 MC, 
band 3 7.35 to 11.6 MC and band 
4 11.5 to 18.2 MC. This receiver 
is somewhat more complicated than 
the one in Fig. 14. It requires a 
nine deck switch with two arms 
and four positions per deck. Note 
eighteen separate switch symbols 
are shown in Fig. 15 but there are 
two switches per deck, making a 
total of 9 decks. For each band 
there are eighteen circuit changes 
made. Switch arms A9 and AlO 
(same deck) connect the two ends 
of four different antenna coils to 
the doublet antenna. The various 
connections are simple and obvious 
as you will find when the circuit is 
traced. Each of the four secon¬ 
daries are connected to the control 
grid of the 6K7G tube and to the 
first main tuning condenser 
through switches C8 and B9. This 
makes possible the connection of a 
series padder condenser 6C for the 
lower secondary coil covering the 
11.5 to 18.2 MC range. The series 
padder condenser 6C and the shunt 
trimmer condenser 6B serve to give 
the tuning at high frequencies a 
band-spread characteristic. This 
means simply that this band is nar¬ 
rower than the other or a smaller 
section of it is tuned and the sta¬ 
tions appear farther apart on the 
dial than usual. Note that this 
padding circuit is similar to the 
superheterodyne oscillator circuit 
which accomplishes the same elec¬ 
trical function with its series pad¬ 
der and shunt trimmer. 


Switch arms C3, Dll, F3 and 
JIO of Fig. 15 are shorting 
switches (the switch arm being in 
the form of a shorting shoe to all 
but one set of fixed terminals of the 
switch) for the purpose of elimin¬ 
ating the effects of free end or dead 
end windings on coils which are not 
in operation for a particular band. 
They short out every terminal not 
in actual service. For example, 
the switch arm of C3 carries with 
it the entire metal ring (grounded 
through the AVC), shorting Cl, 
C6 and C12 and grounding them 
through the AVC circuit. The top 
coil with terminal C7 of switch C3 
is in use in the position shown in 
the diagram. Note an open space 
is left in the metal ring which 
allows this terminal to be connect¬ 
ed to the top coil. Notice that each 
of these shorting switches (C3, 
Dll, F3 and JIG) allows only the 
terminals in use to be open, short¬ 
ing all of the others. This prevents 
the coils not in use from absorbing 
energy from those which are in 
use. While the grid coils are 
shorted to the AVC return, the 
plate coils are shorted to B+. Like 
all the other switches described in 
this lesson these are independent 
switches but operated by one con¬ 
trol knob. To get a mental picture 
of their action, just imagine these 
entire metal rings turning to the 
left, freeing one contact at a time, 
and you will have a good under¬ 
standing of the operation of this 
switching system. 

The switching system for the 
signal grid of the 6A8G detector- 
oscillator tube in Fig. 15 is further 
complicated by introducing capa¬ 
city coupling from the first RF 
tube to equalize the gain for the 
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various bands. Circuit operation 
conditions change for a number of 
reasons for various frequencies 
and their characteristics must be 
met with adequate provisions. 
Condensers 10 and 11 provide capa¬ 
city coupling for three bands as 
shown by the diagram. Condens¬ 
ers 6A and 17A are for expanding 
the third range, thus separating 
the position of stations on the dial. 
A trimmer is provided for each 
tuned coil as well (5, 5A, 16, 16A, 
etc.). 

A better understanding of the 
oscillator circuit may be had by re¬ 
ferring to Fig. 16. This shows 
the circuit as the switches would 
connect it for the positions shown 
in Fig. 15. Feed-back is obtained 
by capacity coupling through con¬ 
denser 22 above the oscillator grid 
leak resistor 23. The second band 
operates just like the first one, and 
for the first band the lower os¬ 
cillator coil is shorted. For the 
third band, with reference to Fig. 
15 again, the upper plate coil of the 
two is in series with the oscillator 
plate (second grid of 6A8G) and, 
of course, inductive feed-back is 
employed. 

In connection with the oscillator 
tuned grid circuits for the two high 
frequencies (two lower coils) con¬ 
densers 31A and 31C Fig. 15 are 
actually series padding condensers. 


the band spread requirements be¬ 
ing met through the use of con¬ 
denser 24 for both bands. For each 
of these bands the correct beat note 
frequency is formed and, as usual, 
the plate circuit of the 6A8G tube 
is tuned to this frequency. 

It may strike you that the cir¬ 
cuit of Fig. 15 is very crowded and 
difficult to read. That is true, but, 
at the same time, it must be re¬ 
membered that the manufacturers 
try to include as much information 
as possible about their products to 
make repair and replacement of 
parts accurate and easy. In the 
modern, complex radio circuit, 
this is difficult to do, and for that 
reason and because of limitation 
of space in printing circuits like 
Fig. 15, they will always appear 
complex and crowded. The radio 
man soon learns to trace even the 
most complex of circuits by con¬ 
centrating on a portion of it at a 
time. The rest of the circuit is 
simply not considered for the mo¬ 
ment. You should learn to develop 
this technique as soon as possible 
and there is no better way to do it 
than to practice at tracing multi- 
band receiving circuits. Note Fig. 
15A shows the details of the coils 
and switches appearing in Fig. 15. 

Considerable simplicity may be 
obtained in a switching arrange¬ 
ment by making use of every pos¬ 
sible switch terminal at every po¬ 
sition. When one terminal is open 
for one coil, the same terminal can 
often be used for another purpose. 
The system for three band switch¬ 
ing, as in Fig. 17 for example, is 
one of the simplest used. This is a 
part of the circuit of the Montgom¬ 
ery Ward receiver models 62-235 
and 62-248. First consider the 11 
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FIG. 15-A 

switch terminals which the switch tube. The junction of coils L2 and 
S is making in the position shown. L4 is grounded through terminals 
The signal from the antenna simul- 8, 9, 10 and 11 of the switch thus 
taneously feeds four circuits—(1) shorting L4 and L5 making them 
a small capacity coupling (Cl) to inoperative. The only antenna con- 
the control grid coil L3, (2) an an- nections which are effective are, 
tenna coil L6 in transformer T2 therefore, the top antenna coil 
inductively coupled to the lower (LI) and the small capacity coup- 
section of the grid coil L5, (3) an- ling (Cl), which together provide 
other antenna coil (LI) coupled fairly uniform coupling for the 
to another section (L2) of the mul- high frequency band. TheRFtun- 
tiple grid tuned coil and (4) open ing condenser indicated by dotted 
end windings L7 and L8 in trans- lines—^marked (C) tunes the larg- 
former Tl. The latter furnishes est section (L2) of the two sec- 
uniform coupling over a wide range tion grid coil, the remainder of the 
of high frequencies in conjunction tuning capacity being provided 
with the antenna coil L6. with the trimmer (T) for the high- 

Since all of these antenna con- est possible L to C ratio of the cir- 
nections are active it becomes a cuit and for slight band spread 
question of determining which in- characteristics. The lower right 
put is effective by checking the sector of the switch (8, 9, 10 and 
control grid connections of the 6F7 11) individually shorts the two 
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coils L4 and L5 (for lower bands), 
and shorts the antenna coil L6 
(through LI) as well. 

For the high frequency band the 
top (two section) part of the 
switch (5 and 6) grounds the junc¬ 
tion of the two cathode feed-back 
coils (LI3 and LI4) of the oscil¬ 
lator section of the 6F7 tube, there¬ 
by shorting the lower coil L14 as 
its lower end is permanently 
grounded. The two cathode coils 
(LI3 and L14) are to the lower 
right in transformer T3. The top 
oscillator grid coil (L9) comes into 
action, the lower two (LIO and 
Lll) being shorted to ground 
through terminals 2, 3 and 4. 
Since all of the coils for the oscil¬ 
lator are all coupled, both the plate 
and cathode coils for each band fur¬ 
nish feed-back to the grid coil for 
self-oscillation. The plate coil L12 
for the oscillator remains in the 
circuit for every band change. 

The switch is rotated counter¬ 


clockwise for lower wave bands. 
The inner circular sectors of the 
moving part of the switch move 
with the arrows pointing outward 
while the arrows pointing inward 
remain stationary. The arrows 
pointing inward slide on the circle 
sectors making continuous contact 
with them while they are in posi¬ 
tions within their angular range. 
Positions 1 and 2 of the switch are 
shown in Figs. 18 and 19. Note 
the switch S in Fig. 17 has three 
movable sections which are entire¬ 
ly insulated from each other. One 
moving section corresponds to tre- 
minals 2 and 4, the second moving 
section consists of terminal 5 only 
while the third moving section cor¬ 
responds to 8 and 11. Note how 
the movable elements change posi¬ 
tions in Figs. 18 and 19. The three 
circular segments of the switch in 
Figs. 17, 18 and 19 are known as 
shorting shoes and may be indi- 
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cated differently in the diagrams 
of various radio manufacturers. 

Still another type of switching 
system is shown in Fig. 20. This 
is the Belmont model 1070. Bear 
in mind that multiband switches 
may not only be electrically but me¬ 
chanically identical but are draft¬ 
ed or drawn in different ways by 
the various radio manufacturers. 
The switch S of Fig. 20 is a rotat¬ 
ing three position switch but is in¬ 
dicated on the diagram as a set of 
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sliding contacts. The rectangular 
blocks (A, B, C, D, etc.) form a 
common circuit and make contact 
with the projecting T sections of 1, 
2, 3, 4, 5, etc. The switch is shown 
in the broadcast position in Fig. 
20 . 

In the first position of the 
switch the following connections 
are made: 1 to B, 5 to I, 6 to J and 
7 to K. When the rectangular blocks 






move to the second position to the 
right, the following connections 
will be made: 1 to A, 2 to B, 3 to 
F, 6 to I, 7 to J, 8 to D, 10 to H, 
and 11 to M. On the next and fi¬ 
nal position of the switch the rec¬ 
tangular lettered blocks in Fig. 20 
move over two positions from that 
shown in the diagram, and the fol¬ 
lowing connections are made: 2 to 
A, 3 to E, 4 to F, 7 to I, 8 to C, 9 to 
D, 10 to G, 11 to L, and 12 to M. 
Now note that A, B, C, and D are 
common or form one moving ele¬ 
ment of the switch. The same is 
true for E, F, G, H, and for I, J, 
K, L, and M. It should now be 
clear that when the switch is in 
position 1 that the tuning conden¬ 
ser C will be across all three coils 
consisting of LI, L2 and L3 to tune 
the broadcast band and that part 
of the switch for the RF stage will 
be open. On the 1st detector sec¬ 
tion of the switch 5, 6, 7, I, J, and 
K will form a common circuit to 
ground. Terminals 10, 11, and 12 
will remain open. On the second 
position 1, A, 2, B, 8, and D will 
form a common circuit to short L3, 
leaving LI and L2 to be tuned by 
C. On the next section of the 
switch 3, F, 10, and H will form a 
common circuit and the effect of 
this action is to short series con¬ 
denser C4. This permits L6 and 
C3 (in parallel), L4 and C7 (in 
parallel) and these in series with 
C6 to tune from 1720 to 5500 KC. 
L5 and C5 in series will be in par¬ 
allel to L4 and C7, the values of all 
of which are apportioned to tune 
to the correct band of frequencies. 
The remaining section of the 
switch for this band will form a 
common circuit as follows: 6 to I, 
7 to J, and 11 to M for the input to 


the 6L7 mixer. The effect of this 
is to disconnect one end of C8 and 
short L9 to ground, leaving L7 and 
L8 to be tuned from 1720 to 5500 
KC by C9. 

The third and final position for 
the switch permits it to tune from 
5.5 to 18.1 megacycles. Thus the 
rectangular blocks for the switch 
move over two positions to the 
right. With reference to the A, B, 
C, D, section 2, A, 8, C, 9, and D 
form a common circuit to short 
L2, L3, and CIO. This permits C 
to tune LI and C2 as the high fre¬ 
quency trimmer. The next section 
of the switch E, F, G, H, forms the 
following connections: 3 to E, 4 to 
F, and 10 to G. This actions shorts 
C4, L4, C7, L5, C5, and C6 leaving 
L6, C3, and Cll to act for the 5.5 
to 18.1 megacycle range. Conden¬ 
ser C12 acts as a low frequency 
fixed padder in this case. The 
combination of C5, C13, C6, C14, 
and C12 all act together as a pad¬ 
der for the broadcast band. C5 has 
more effect on the broadcast band, 
while C6 has more effect on the 
1720-5500 KC band. C13 is the 
fixed pader for the broadcast band 
with C14 the fixed padder for the 
1720-5500 KC band. C15 is a by¬ 
pass condenser for the oscillator 
plate circuit. The I, J, K, L, M 
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section of the switch shorts L8, L9, 
and C16, permitting L7, C17 and 
C9 to tune the mixer tube input 
circuit to the 5.5 to 18.1 megacycle 
band. Condenser C18 provides ca¬ 
pacity coupling from the plate of 
the 6K7 RF tube to L7, L8, and 
L9. Condenser C8 with LIO forms 
a trap circuit to interfering fre¬ 
quencies at or near the IF of 465 
KC. The winding of LIO is cou¬ 
pled to L8 with the screen grid of 
the RF tube acting as an anode in 
this case. Note that both C8 and 
C19 act for the broadcast band, 
but only C19 is used for the 1720 
to 5500 KC band. Both C8 and 
C19 are out of the circuit for the 
5.5-18.1 MC band. The magnetic 
coupling of LIO to L8 is used for 
the first two bands, but it is not 
in use for the 5.5-18.1 MC band— 
all coupling in this case being fur¬ 
nished by C18. 

In Fig. 21 is shown a common 




type of switch which connects to 
one terminal at a time, shorting 
all others to one another. The 
operation of this switch should be 
obvious—note that it is set for 
band three using L3 and L8. Posi¬ 
tion 5 makes use of LI and L6, etc. 
The circuits for the other switch 
positions may be traced from the 
diagram. This switch is popularly 
known as the fan type switch be¬ 
cause of its resemblance to the 
shape of a fan. It is also known as 
the shorting shoe type. The same 
principle may be indicated by a 
contact ring as in Fig. 22. Still 
other types of switches are indi¬ 
cated simply with an arrow as the 
moving member and a number of 
contact points in line as in Fig. 23. 

In this type of drawing a con¬ 
ductive track for the moving ar¬ 
row terminal of the switch is often 
included, making the system ap¬ 
pear as in Fig. 24. Regarding the 
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switch symbol in Fig. 25, the dou¬ 
ble arrows move simultaneously, 
making connections with the arc 
segments A, B, C, and D as shown. 
Note each section of this switch 
has three positions. In Fig. 26 the 
small solid circles move along the 
edge of the switch arm segments 
making contact with successive ar¬ 
rowheads or fixed terminals. 

You will find certain combina¬ 
tions of many of the switching 
systems which you have studied in 
this lesson. Such combinations 
should not be difficult to under¬ 
stand if you will analyze each 
system carefully. 

For convenience in checking and 
tracing circuits, it is often desir¬ 
able to show the mechanical layout, 
terminals, etc., of a multi-element 
switch. A typical layout is shown 
in Fig. 27. This particular switch 



has six decks, each having two or 
more functions. 

In the first deck there are 
twelve terminals riveted to a wafer 
insulating frame. Two of these ter¬ 
minals are not used (A7 and A12) 
while all of the others have a def¬ 
inite connection to make. Termi¬ 
nals A4 and A5 are switch arms 
and may be identified in deck A by 
their arrow connections making 
contact to the two base rings, one 
inside the other. These make 
permanent contact with their 
respective rings in any switch po¬ 
sition. The elevated portions of 
these rings of slightly larger ra¬ 
dius make contact with the other 
arrows from other terminals for 
various positions of the switch. 
The short arrows make contact 
with the elevated sections of the 
large ring and the long arrows 
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make connections with the elevated 
sections of the small in^iil^ ring. 
Note that the outer ring is split 
into two segments for independent 
circuit connections.. 

In each of the layouts these 
rings are turned to make the 
proper connections with the vari¬ 
ous terminals. Some of the termi¬ 
nals in Fig. 27 have 'two arrow 
heads, some terminals are blank 


and still other terminals are omit¬ 
ted altogether. The reason for 
such omissions is that no wiring is 
required for some of the decks at 
certain switch positions. Together 
with the schematic circuit, switch 
layouts are very helpful in identi¬ 
fying thp terminals with the cir¬ 
cuit connections for testing or 
analysis. 

One popular system of mounting 
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multiband coils is to mount all of 
them with their axes parallel on 
circular bases and in stacks or 
groups surrounding the multi-ter¬ 
minal switch. The shorting of 
every unused winding takes the 
place of shielding each coil. The 
wiring and various capacities 
formed by turning the switch are 
compensated for by the trimmers 
for each band while the switch is 
turned in the position for that 
band. Still another system em¬ 
ploys a rotating framework fitted 
with switch contacts and coils. As 
the switch is turned all the coils 
are moved, each one contacting the 
proper circuits when in position. 

Figure 28 shows the tuning sys¬ 
tem of the RCA 211K model. This 
is a four band receiver with the 
following frequency ranges. Band 
A, 540-1600 KC; band B, 2.3-6.3 
MC; the next band is called the 
hand spread (BS) band and tunes 
from 9.35 to 7.75 MC; and C 11.7 
to 15.4 MC. The band switch is of 
the six deck type. Note particular¬ 
ly the inner segments of the switch 
decks which are shaded. Note also 
each deck has two rotating arms 
with the exception of S4 which has 
one arm. Each of the arms has a 
certain odd shape which you should 
study—you will have to imagine 
how each of these arms come into 
contact with the fixed terminals of 
the switches because a diagram 
can only show the exact connec¬ 
tions for one- position of the 
switches. These switch symbols 
are typical of RCA receiver dia¬ 
grams and many others. It will, 
therefore, pay you well to give 
them close and careful study. The 
switches have five positions and in 
Fig. 28 show the connections for 
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push-button tuning. The details 
of the latter will be taken up in a 
later lesson. However, the band 
switch connections to the push¬ 
button tuner will be described in 
this lesson. If the push-button 
range of the band switch is called 
the PB position, the second posi¬ 
tion will be the A band, the third 
position the B band, the fourth po¬ 
sition the BS (band spread) band 
and the fifth position is for the C 
band. 

Referring to the position of the 
switch arms in the diagram, SI 
and S2 control the input connection 
for the 6SK7 tube. The switch 
arms are shown in their maximum 
left hand positions. Thus from PB 
to band C the switch arms move 
from left to right or clockwise. S3 
and S4 control the mixer coils and 
the movement of their switch arms 
is in the same direction as de¬ 
scribed for SI and S2. S5 and 
S6 control the oscillator coils 
and these switches have the 
same action as described for the 
others. Be sure to understand how 
the switch arms move. SI, S3 and 
S5 are shown with front views and 
S2, S4 and S6 are shown with rear 
views. The rear view designation 
is given because the switch termi¬ 
nals are mounted on the rear of 
the switch insulating wafer in¬ 
stead of the front of it. 





tion the band switch will be in the lated clip on the switch wafer. In 
PB position but this also cor- effect this may be considered a 
responds to the A band position be- permanent connection at 6 of S2. 
cause the push-buttons work only Next consider S3 and S4. First 
from 540 tolGOO KC. In this po- note the connections of L8—it is 
sition, the loop supplies the signal permanently connected in series 
energy, it being fed to 11 of of SI. with the plate of the RF tube and 
The upper arm of SI forms a com- is coupled to L7 for the PB and A 
mon circuit of 3, 10 and 11 of the band. Also, CIO couples the plate 
switch permitting signal energy to of the RF tube to the grid of the 
be fed to the RF tube. Note 10 of mixer tube to improve coupling at 
SI controls the push-button tuning the higher frequencies. Now note 
circuit. The switches in this case the connections of L7. Number 9 
controlling S53 and C53 for the of this coil connects to 4 of S3 
RF and S17-L17 for the oscillator (forming an open end connection) 
—the mixer input not being push- and to 3, 4 and 8 of S4. The equiv- 
button controlled. The other switch alent action of S3 and S4 is to 
arm of SI forms a co|^on ground- from a tuned circuit between the 
ed circuit of 5, 7 an(f^S2 merely plate of the 6SK7 and the grid of 
makes a common circuit of the an- the 6SA7 as in Fig. 29. This form 
tenna and loop. Terminal 6 of S2 of coupling permits the omission 
may appear to be blank—the an- of push-button tuning condensers 
tenna band, however, connects to for the input of the mixer 
6 and to the right hand arm of S2. tube — the push-buttons only 
The reason the lead to terminal 6 having control of the input to the 
of S2 appears to go around the ter- RF and oscillator stages. With a 
minal is because of a special insu- push button tuned circuit ahead of 
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the mixer and one following it, 
enough resonant signal energy will 
get through the mixer input cir¬ 
cuit without having it push-button 
controlled. Note condenser C15 
(the mixer tuning condenser) is 
not used when the range switch is 
set to the PB position. The same is 
true for C9 and C31—the other 
two ganged tuning condensers. 
Thus for the push-button position 
of the gang switch, coupling and 
tuning for the input of the 6SA7 
tube are provided by L7, L8, C12, 
CIO, C19, C17 and R4. Resistor 
R4 is included to broaden the tun¬ 
ing of L7, C12 and C17. 

Next refer to Fig. 30. This 
shows how the switch would con¬ 
nect the circuits for the A band. 
Note this represents the switch 
arms of Fig. 28 moved one position 
to the right. For this band, either 
the loop or an outside antenna may 
be used, depending on the way the 
link connection is made. In Fig. 
28, if the link is tuned to the right. 


the loop is used, and if it is turned 
to the left, an outside antenna may 
be used. Note in Fig. 30 termin¬ 
als 3, 11 and 12 of SI complete the 
input circuit to the 6SK7 with 2 
and 6 of S2 completing the anten¬ 
na circuit. 2, 3 and 12 of S3 and 

4, 8 and 9 of S4 complete the 
mixer input. 7 and 11 of S5 and 

5, 9 and 10 of S6 complete the os¬ 
cillator circuit. In order to avoid 
more confusion, the shorting ac¬ 
tion of the various switches is not 
shown. For the A band 6, 7 and 9 
of SI short L2, C8 and C5, 2 of S5 
and 1 and 3 of S6 short L13, C25 
and C24. These various units are all 
shown in Fig. 28. 

Figure 31 shows the switch con¬ 
nections for the B band. 1, 3, 5 and 
12 of SI complete the input to the 
6SK7 tube with 2 and 8 of S2 com¬ 
pleting the antenna circuit. For 
the input to the mixer circuit 5, 8, 
9, 10 and 12 of S4 come into use. 
For the oscillator circuit 2, 8 and 
11 of S5 and 6, 9 and 10 of S6 are 
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used. Note the dotted line connec¬ 
tion from 2 of S5 in Fig. 31. For 
an explanation of this, refer to S5 
and S6 of Fig. 28 and observe the 
notation “through connection.” 
This means a metal rod extends 
from the deck of S5 to the deck of 
S6 making the switch arms in¬ 
volved common or forming one 
continuous circuit. Thus the 
dotted line from 2 of S5 in Fig. 31 
means this connection continues on 
to 3 and 4 of S6. The shorting ac¬ 
tion for this band is as follows: 7 
and 9 of SI short L2 and C8, 2, 3 
and 4 of S3 short L7 and C12 while 
1, 3 and 4 of S6 short L13, C24 and 
C25. 

Figure 32 shows the band 
spread switch connections. Extra 
capacities are added to the B and 
C band coils so as to cover a nar¬ 
rower range of frequencies than is 


covered for the other bands. Thus 
the stations for the 31 meter band 
are spread out over a wider dial 
area than is the case for the other 
bands. Note in this band L3 acts 
as the antenna coil and is coupled 
to L2 which is a C band coil. Coils 
L5 and L13 are, of course, regular 
C band coils. Both switches SI 
and S2 complete the input to the 
6SK7 for this band. Note 5, 6, 11, 
and 12 of S2 and 1, 3, 6 and 7 of 
SI are used for this purpose. In 
the mixer input 7, 8 and 9 of S3 
and 6, 8, 9, 10, 11 and 12 of S4 
are used. For the oscillator cir¬ 
cuit 11 and 12 of S5 and 1, 7, 9 and 
12 of S6 are used. For the short¬ 
ing action for this band 2, 3, 4 and 
5 of S3 short L6, L7 and C12, 4 and 
5 of S5 and 3, 4, 5 and 6 of S6 
short C33, L15 and C27. 

Figure 33 shows the C band con- 





nections. For this band 5 and 6 of 
S2 complete the antenna circuit, 
3 and 7 of SI complete the 6SK7 
input circuit, 8 and 9 of S3 and 8, 
9, 10, 11 and 12 of S4 complete the 
mixer input circuit. For the os¬ 
cillator circuit 2 and 11 of S5 and 
1, 9 and 12 of S6 are used. For the 
shorting action 9, 10 and 11 of SI 
short or ground the push-button 
and loop circuit leads to prevent 
these from absorbing energy from 
the tuned C band circuits; 2, 3, 4 
and 5 of S3 short L7, C12, L6 and 
C17; 5 of S5 and 5, 6 and 7 of S6 
short L15, C27, C34, C30 and C32. 

From a study of the foregoing 
circuits you can see that multiband 
circuits are complex and difficult 
to trace. Fortunately, the switches 
rarely, if ever, need replacing and 
only occasionally will it be neces¬ 
sary to replace condensers and 


coils associated with them. This 
will never be a difficult job be¬ 
cause only a few connections are 
involved. If you ever have to trace 
an entire multiband switching sys¬ 
tem make up a table of the switch 
terminals brought together by each 
position of the range switch. Then 
draw the circuits which your table 
indicates should be connected to¬ 
gether. In this way you can make 
an accurate drawing of the circuits 
if you are careful to get the cor¬ 
rect information in your table. If 
you should need to replace a multi¬ 
band switch with a new one, you 
will have a minimum of trouble if 
you remove one wire at a time from 
the old switch and solder it to its 
corresponding position on the new 
switch. If one wire is disconnect¬ 
ed and reconnected at a time there 
is a minimum chance for errors. 
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The above view shows the mechanical details of a four deck all wave switch. Note the various shapes 
of the rotating: arms of each deck. This type of switch is rigidly constructed and will last for several 
years with normal use. Courtesy of P. R. Mallory Co, 


HOW TO IDENTIFY VARIOUS 
STAGES OF A RADIO 

In the complex radio set of to¬ 
day, it is sometimes difficult to 
identify the various stages of a 
radio, particularly from an above 
chassis view. Also many radio 
sets employ more than one tube of 
tho same type. In others none of 
the tube sockets are marked or 
identified, and it sometimes be¬ 
comes a problem to determine 
which tube is to fit into which 
socket. This problem becomes in¬ 
creasingly important in the mod¬ 
ern radio where all of the sockets 
may be of the unmarked octal type. 
Sometimes the receiver owner may 
remove the tubes to have them test¬ 
ed or remove them for other rea¬ 
sons and then fail to get them re¬ 
placed properly. This may or may 
not cause damage, depending on 
the tubes and circuits involved. At 
any rate, it is often necessary for 
the professional radio man to get 
the tubes replaced properly, and it 
is often necessary for him to iden¬ 
tify a. particular tube’s function 
from the top side of the chassis 


without removing it from the 
cabinet. 

One of the first things to look 
for in a case of this kind is the 
manufacturer’s label. It may be 
placed on the receiver chassis, its 
cabinet, or, in the case of a small re¬ 
ceiver, this label may be on the 
bottom of the cabinet. At any rate, 
look over the entire arrangement 
very carefully. The label may be 
in the form of a large sheet which 
will include a tube layout showing 
the tube positions and the location 
of trimmer condensers. In some 
cases the name plate is in one place 
and the tube layout in another. So 
before you do anything, look over 
the entire cabinet and chassis for 
a manufacturer’s tube layout. It 
will quickly solve your problem if 
you can find it. One other pos¬ 
sible source for this information is 
from the receiver owner. Often 
the manufacturer includes a book¬ 
let of instructions which includes 
a tube layout. Receiver owners 
sometimes forget they have such a 
book, and it is always well to ask 
if they have one. The remaining 
source for this information is the 





manufacturer's original diagram 
of the receiver. The receiver own¬ 
er is not likely to have this infor¬ 
mation, but you may have it in 
your collection of receiver dia¬ 
grams, or such information can 
often be found in diagram manu¬ 
als—a complete set of these is us¬ 
ually available for reference at any 
radio parts jobber’s store. 

There are many receivers in use 
for which there is no tube layout, 
or it may not be convenient to re¬ 
fer to other sources. In this case, 
the radioman must rely on his gen¬ 
eral knowledge and experience in 
identifying stages and tube types 
for certain tube sockets. There are 
a few general rules which, if kept 
in mind, will aid greatly in this 
work. One of the first things to 
be done is to identify the type of 
receiver—that is, whether it is 
battery, DC, AC, AC-DC or bat¬ 
tery AC-DC operated. 

Next you will want to know if 
the receiver is a super or a TRF. 
Clues which identify a TRF re¬ 
ceiver are three and four gang 
tuning condensers, no IF trans¬ 
formers present, a one band receiv¬ 
er as indicated by the tuning dial, 
no selector switches for changing 
tuning bands, no converter tube 
such as the 6A7, 6A8, etc., will be 
used. The receiver will usually be 
large and of the older type—some 
few 4 tube TRF receivers are used, 
but you can easily determine if a 
TRF circuit is employed if you will 
check to see whether oscillator 
coils and IF transformers are pres¬ 
ent. 

There are several things about a 
super that will enable you to ident¬ 
ify it. Some of these are not pres¬ 
ent or evident in all super receiv¬ 


ers, but enough of them will be evi¬ 
dent to enable you to make the iden¬ 
tification. Most supers employ a 
two-gang condenser, and, in many 
cases, the oscillator rotor tuning 
condenser plates will be smaller 
than those of the RF or of special 
shape. A converter or separate 
oscillator tube will be employed, IF 
transformers will be present, if 
more than two tuning bands are 
employed the receiver is sure to be 
a supgr. Little things like those 
just mentioned should help you to 
make proper identification. 

The tube type in a given socket 
or in a tube layout is one of the 
most valuable means of identifying 
a stage—whether rectifier, output, 
detector, IF, oscillator or RF. If 
you will try to remember tube des¬ 
ignations and what types are used 
for a specific function, it will aid 
greatly in identifying stages. Most 
receivers are of the super type and 
designed for AC operation. Thus 
it is known that they will employ a 
rectifier and converter or, perhaps, 
a separate oscillator. There are 
not so many rectifiers or converters 
that you cannot remember them, 
so in an AC super you will expect 
to find a rectifier such as the 5Y3, 
35Z5, etc., a converter such as the 
6K8, 6A8, 12SA7, etc. Then you 
should look for an output tube or 
tubes—the filament voltage of the 
other tubes in the receiver indicat¬ 
ing the type of output tubes to ex¬ 
pect. The converter tube will be 
located near the tuning condenser 
gang, the IF tubes near the IF 
transformers, the second detector 
near the output tubes, etc. Thus 
identifying stages, as you can see, 
is more or less a process of .elimin¬ 
ation. Once you identify two or 
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more stages you can almost guess 
what the rest of them should be in 
a given receiver. 

Several volume control and tube 
manufacturers put out a guide 
which lists the tubes and many 
parts requirements of most radio 
sets. These are usually very low 
in price—from about 35 cents to 
$1.50 and are obtainable from most 
radio parts jobbers or direct from 


the manufacturers. One such book 
is available from the Sylvania Elec¬ 
tric Products Company, Empor¬ 
ium, Penna. It is called a Tube 
Complement Book. It lists receiv¬ 
er model numbers, the number of 
all tubes, types required, the type 
of pilot light required and gives 
the IF frequency for most receiv¬ 
ers. You will find such a book as 
this very valuable in your work. 


These questions are designed to test your knowledge of this lesson. Read them 
over first to see if you can answer them. If you feel confident that you can, then 
write out your answers, numbering them to correspond to the questions. If you 
are not confident that you can answer the questions, re-study the lesson one or 
more times before writing out your answers. Be sure to answer every question, 
for if you fail to answer a question, it will reduce your grade on this lesson. 
When all questions have been answered, mail them to us for grading. 


QUESTIONS 

No. 1. What is a good frequency ratio of a tuning band in an all wave receiver? 

No. 2. In which stages of a superheterodyne receiver do you expect to find the 
coils and switches for all wave reception? 

No. 3. Why is it possible to have each tuned band of an all wave superheterodyne 
track with independent accuracy although the same gang condenser tunes 
all bands? 

No. 4. Of the two bands used by the circuit of Fig. 13, are the switches shown 
connecting the circuit for the higher or lower frequency band, and which 
coil, in this case, acts as the antenna coil? 

No. 5. \Vhy is it in all wave receivers that certain coils and circuits not in use 
are shorted or grounded? 

No. 6. What is the purpose of a shorting shoe in an all wave selector switch? 

No. 7. Referring to Fig. 14, if the arm of switch deck G is turned to G2, what 
will be the positions of the arms of decks C, D and A? 

No. 8. How many individually switched circuits are involved in Fig. 15 for each 
wave band including the shorting rings? 

No. 9. In Fig. 17, if coils LlO and L13 are oscillator coils for one band, name 
the corresponding RF coils for the same band. 

No. 10. In Fig. 20, name and describe the three switch arms for the switch S. 



